Introduction
The privatization process in transition economies has resulted in the emergence of a variety of ownership structures and has also generated an extensive theoretical debate over which form of private ownership would lead to better restructuring outcomes and higher efficiency levels. This theoretical literature concludes that certain ownership forms are preferred, in particular that outsider ownership is expected to be more efficient than insider ownership (Aghion and Blanchard, 1998) . There is also an extensive empirical literature, which assesses the effects of different ownership structures on enterprise performance and efficiency. In a comprehensive literature review of that literature, Djankov and Murrell (2002) conclude that, in general, privatization improves firm performance and that concentrated ownership is beneficial for firm performance. They also find that Central and Eastern European countries experienced a larger positive impact of privatization than did CIS countries. Similarly, Brown et al. (2006) find that both privatization and the method of privatization matter. Further, their results also display significant differences in pre and post privatization performance between Hungary and Rumania, and Russia and Ukraine.
However, as Djankov and Murrell (2002) note, the empirical literature on firm performance and privatization has faced formidable estimation challenges and thus most conclusions are necessarily tentative. Of central importance are issues related to the endogeneity of ownership structures, for example the view that often insiders selected the best performing firms. Furthermore, problems related to differences in accounting standards often undermine the credibility of performance variables. Another problem is that many studies may not have used the most reliable empirical strategies and that much empirical work may have neglected key issues such as the dynamics of efficiency. Finally, confidence in the reliability of general findings in this field is undermined by the fact that often data samples have been small and not representative.
The purpose of this paper is to investigate the impact that ownership structure and other firm characteristics, such as, firm size, labor quality, investment in new equipment, trade orientation, soft budget constraints and competition, have on firm level technical efficiency. Accordingly, this paper builds upon several advantages. First, our data are a long and rich panel for a sample of firms that is representative of the Estonian economy and including firms with diverse ownership structures. Second, these data and the technical approach we employ enables us to estimate the impact on the level of firm technical efficiency of several crucial variables, including ownership structures, soft budget constraints and competition. Third, the panel nature of the data enables us to account for the issue of endogeneity. Fourth, our modeling strategy permits us to distinguish between shifts in the production function, namely, technological changes as well as changes in technical inefficiency over time.
The structure of the paper is as follows. In section 2, we discuss the determinants of firm efficiency. In the following two sections the privatization process in Estonia is first outlined and then we discuss our data. This is followed in section 5 by a discussion of the estimation strategy. In the following two sections we present our findings with returns to scale. Finally, in section 8, we conclude.
The determinants of firm efficiency
The growing body of theoretical and empirical literature on firm performance and privatization has identified a host of variables, namely, ownership structure, investment in fixed capital, soft budget constraints (SBC), firm trade orientation, the quality of labor, and competition as determinants of firm performance and consequently firm efficiency (Djankov and Murrell, 2002; Aw et al., 2000; Brown and Earle, 2001; Frydman et al., 1999) . The aim of this section is to briefly discuss how each of these factors affects firm efficiency and establish the direction of the relationship.
As noted already the bulk of the theoretical literature concludes that certain ownership forms are to be preferred, in particular that outsider ownership is expected to be more efficient than insider ownership. Accordingly, Aghion and Blanchard (1998) , stress that privatization to insiders would lead to less restructuring as insiders suffer from lack of capital and expertise. As a result, privatization to outsiders would be desirable for restructuring outcomes. To test these hypotheses, however, has not always been an easy proposition. For one thing, diverse insider and outsider ownership structures have seldom co-existed within one country. In addition, often ownership has been dispersed within firms so that it has not always been able to clearly identify the main owner. In turn this has led to classifications based on dominant as opposed to majority owners i .
One common feature of firms in emerging economies is that they started the development process with old technology, which could not be used to produce goods of sufficient quality to compete in both domestic and world markets. As such, a common challenge for these firms is to carry out high investment rates to substitute the new advanced technology for the old obsolete capital in order to be able to survive and compete in the market-oriented economy. In return, this will contribute to increases in productivity and thereby efficiency. Under the conditions of under-developed capital markets with a weak banking and non-banking sector there would be fierce competition for funds and not all firms would be able to raise all the much needed capital. Consequently, it is expected that firms with better access to finance and higher investment rates will display higher levels of efficiency. However, state-owned firms were characterized by lack of financing, possible bankruptcy and soft budget constraints. The existence of soft budget constraints is detrimental for firm efficiency, because it distorts managerial incentives and erodes the effect of competitive pressure. The notion of soft budget constraints include not only cheap credit provided in the form of direct government subsidies, but also tax arrears, trade credits and cheap loans from the financial sector (Schaffer, 1998) ii . Ascertaining its effect, however, is a difficult task because of the lack of appropriate data. However, in view of its importance, in this paper we follow the literature and attempt to ascertain the effect of soft budget constraints by constructing a measure as in Schaffer (1998) .
With respect to trade orientation, it is expected that those firms that produce mainly for export are under the pressure of international competition and, consequently, will utilize resources more efficiently. Indeed, Hossain and Karunaratne (2004) find that export orientation has a significant impact on the reduction of technical inefficiency. Export market participation leads to exporters acquiring knowledge and expertise about new production methods, product design, etc., from international contacts. In turn, learning-by exporting results in higher productivity for exporters compared with non-exporters (Roberts and Tybout, 1997; Bernard and Jensen, 1999) . However, the positive correlation between productivity and exporting, could simply suggest that only the most productive firms can survive in a highly competitive international environment.
It is expected that the higher the level of labor quality, the more efficient will be both the use of existing technology and the absorption of new technology, which will consequently result in higher efficiency levels. To proxy labor quality we use average labor cost (and assume that a more qualified labor force commands higher wages and salaries.) However, we recognize that the use of average labor cost is potentially problematical since it can also capture the rent extraction effect, i.e., labor cost is high because workers are able to extract rents through higher salaries.
The existence of competitive markets is considered a prerequisite for productive efficiency and a fundamental requirement for efficient allocation of resources in an economy.
Competitive product and factor markets induce firms to use their inputs more efficiently or to push inefficient firms out of the market. Accordingly, firms facing domestic competition may restructure since they do not lag far behind other domestic firms, except for local firms with foreign direct investment. For instance, Brown and Earle (2001) find that domestic competition has a significant disciplinary effect on Russian enterprises. Likewise, Carlin et al.
(2001) find a strong significant impact of the perceived intensity of local competition on firm performance. Furthermore, the combined effect of competition and ownership on enterprise performance and efficiency may be mutually reinforcing. Thus early writings on the subject, including Lipton and Sachs (1990) , Blanchard and Layard (1992) and Boycko et al. (1996) viewed both rapid privatization and competition as complements in their effect on enterprise efficiency. That is, it is expected that more competitive markets will enhance the impact of privatization on enterprise efficiency.
Finally, we also consider the effect of other firm characteristics such as firm size and industrial sector. It is expected that firm size is positively correlated with firm efficiency. If firm size reflects economies of scale, larger firms are able to spread the fixed costs of production over more production units. In other words, size may be associated with lower average costs of production. Also, to account for differences in efficiency levels in different industries and over time, industry and time dummies were included.
The Privatization Process in Estonia
Privatization was one of the policies that successive Estonian governments committed themselves to after the beginning of transition. Economic considerations and the power of different groups in policy formulation and implementation led to the emergence of a wide range of post-privatization ownership structures. The beginning of privatization dates back to 1986, when, under the perestroika reforms, quasi-private forms of "small state enterprises"
and "new cooperatives" emerged. Early forms of privatization were based on the principle of leasing, according to which the company was leased either collectively, with ownership shares determined by wages received, or individually, with ownership shares determined by individual contributions. Until 1993, around 300 enterprises went through this scheme, whose assets, as reported by Mygind (2000) , were later on fully privatized mainly by insiders.
Further support for insiders was established through the law on privatizing small enterprises, which was enacted in December 1990. This law explicitly stipulated that enterprises valued up to 500.000 Roubles would be privatized for cash through auctions, but employees would be the first who would be offered the enterprise. This option was abolished in an amendment of the law in 1992, which also increased the valuation threshold to 600.000
Roubles. However, the adoption of the initial law led to almost 80% of the first round of 450 enterprises ending up in the hands of insiders. The privatization of small enterprises started slowly, but accelerated substantially after June 1992, when Estonia adopted its own currency, kroon, instead of the Russian rouble. The EBRD Transition Report (1999) , stressed that, while by the end of 1991 only 16% of small enterprises were privatized, by the end of 1992 this number had increased to 50% and in late 1997 it had increased to 99.6%.
Unlike the privatization process for small enterprises, the privatization of medium and large enterprises reflected the governments' preferences for core investors and, especially, foreign investors. Although it started slowly, the process gained speed and as documented by 1998, 483 large enterprises earmarked for privatization were already sold to strategic investors through open international tenders for a total value of around 400 million USD, investment guarantees of a similar amount and job guarantees of more than 55000 places (Mygind, 2000) .
Overall, the privatization process in Estonia has been characterized by some preference for insider ownership at the beginning of transition, extensive use of auctions in the privatization of small enterprises and the use of international tenders in the privatization of medium and large enterprises. Moreover, in the later stages of privatization, governments displayed strong preferences for core and foreign investors. The outcome of this process is a highly diverse ownership configuration.
Data
Our data consist of annual firm-level observations for Estonian firms for 1993 through 1999 and it contains detailed information on financial statements and ownership structure for firms from a stratified random sample chosen to represent eighteen economic branches at a 3-digit Nace classification. The data set includes firms with more than 10 employees in a given year. Prior to using the data, a series of consistency checks were performed and inconsistent data is left out iii . Furthermore, in the econometric analysis we focus on three main economic sectors, namely, agriculture, manufacturing, and construction and, accordingly, our final sample consists of 2174 observations. Table 2 shows the distribution of the firms over time for the three economic sectors.
*** Regarding the measure of soft budget constraint, following Schaffer (1998) , it is assumed that a firm has a SBC if it is loss making and is receiving net financing either as subsidies or in the form of lending and increases in debt over interest costs. Then, the SBC for each firm in the sample is constructed as follows:
where, EBITD is earnings before interests, profit taxes and depreciation iv, v .
*** Table 3 approximately here *** An important distinction of our paper is that the available data enable us to construct a broader range of ownership categories than is typically used in other studies, which usually distinguish only between state, domestic private and foreign owned firms. In addition, even when they can identify insider owned firms, they are not able to separate employee owned firms from managerial owned firms. By contrast, in this paper we are able to distinguish between five ownership groups, namely foreign, domestic, employee, manager, and state owned. Table 3 , shows the dynamics of enterprise ownership structures over time when we classify firms into these five groups on the basis of dominant ownership. A firm is dominantly owned by the group that owns the largest share. The distribution and evolution of ownership structures over time reveal that the number of managerial, domestic and foreign owned firms increases over time. In contrast, starting from 1995, the number of employee and state owned firms decreases over time. This shows considerable movement away from the initial preference for employee ownership.
*** Table 4 approximately here *** Table 4 shows the dynamics of means and standard deviations for our main variables.
Some interesting facts that emerge from this table are that capital stock and value added increase over time while the average number of employees decreases over time. Accordingly, the ratio of capital to labor and value added to labor increase over time. In addition, the Herfindahl index is higher during the first years and lower in the last two years when competition increased. Both increased capital intensity and labor productivity as well as increased competition between firms in the industry suggest improvements in firm efficiency.
This conjecture is further supported by the fact that the share of exports in total sales and average labor costs increase over time. However, investment levels in new machinery and equipment fluctuate over time, sometimes being quite small.
The Estimation Strategy
Technical efficiency is a very useful concept to utilize, especially, in a developing economy context, where firms may be maximizing profits or output subject to profit constraints, as well as other goals such as employment. Technical efficiency is a necessary, though, not a sufficient condition for profit maximization, and a necessary condition for most of the constrained output maximization. Therefore, it can be applied within a country to the analysis of firms that have differing objectives (Brada et al., 1997) .
The stochastic frontier applied in the analysis is defined as in Coelli et al. (1998) :
ln y it = ln f(x it ; t, β ) + v it -u it where i -denotes the firm (3) x it -is a vector of the logarithm of input quantities t -is a time trend f(x it ; t, β ) -is a general production function for whose functional form we explicitly test v it -is white noise, assumed to be normally and identically distributed N(0, ) 2 v σ u it -is a non-negative random variable, associated with the technical inefficiency of production, assumed to be identically and half normally distributed, N( it µ , ). Mean inefficiencies 2 u σ it µ for each firm are explained by the Z ik variables, which are expected to affect/determine firm level technical efficiency.
where a k are parameters to be estimated. The time trend parameter is included both in the production function as well as the inefficiency function. The time trend variable in the production function represents the rate of technical change or shifts in the production function over time. This specification makes it possible to consider time varying coefficients and a non-neutral technical change. On the other hand, the time trend variable in the inefficiency function represents changes in technical inefficiency over time.
To estimate (3) and (4) It would be highly desirable to carry out the analysis with the optimal model and the appropriate functional form of the production function. Unfortunately, none of them is known a priori. Instead, they will have to be determined from the data at hand. Consequently, before actually reporting and interpreting the empirical results, we first report the results of a number of tests that were performed to allow us to select the appropriate functional form of the production function as well as the appropriate model to be estimated.
The results of the aforementioned tests are reported in Tables 5A and 5B The second test we perform is to determine whether the inefficiency effects need to be included in the model. Alternatively, if inefficiency effects do not matter we do not need to estimate a stochastic frontier model but rather an augmented average production function, because the firm is already operating on the technically efficient frontier. The null hypothesis then is: γ = 0 α = k α =0, i.e., that the systematic and random technical inefficiency effects are zero and, if accepted, that neither the constant nor the inefficiency effects would be necessary to include in the model. However, the null hypothesis that the vector γ is equal to zero, is decisively rejected over time and across the three economic sectors, suggesting that inefficiencies are present in the model and that running average production functions is not an appropriate representation of the data. The closer γ is to unity, the more likely it is that the frontier model is chosen. From Tables 5A and 5B we see that the value of γ is in between 0.7-0.95 in most cases. Furthermore, this implies that for a country like Estonia inefficiencies have been persistent during the whole period under consideration.
The third hypothesis we test is whether the technical inefficiencies in the model are a function of the explanatory variables we consider. Hence, the null hypothesis is k α =0, i.e., that all inefficiency variables, except for the constant, are jointly equal to zero. Again, the null hypothesis is rejected, confirming that the joint effect of these variables significantly affects inefficiency.
The fourth test we perform is whether the production process of Estonian firms has been affected by technical change. The null hypothesis is that 0 = = = jt tt t β β β , i.e., the coefficients in front of the time trend variable, squared time trend variable, and its interaction with inputs are jointly equal to zero. This null hypothesis is also rejected, suggesting that
Estonian firms have experienced technical change during this time period. The marginal effect of the technological change on firm productivity is estimated by taking the derivative of equation (7) with respect to time, evaluated at the geometric mean of the respective variables.
We find that in all the three sectors there has been technological progress. This means that Estonian firms produce more output for each level of input. This may be the result of efficiency improvements, technology upgrading or scale economies, or a combination of the three. However, since we find evidence of constant returns to scale (in section 7) a combination of the earlier two factors could explain this finding.
Turning to the estimation issues, the estimation of firm efficiency or firm performance usually faces many difficulties, mainly stemming from the endogeneity of different firm characteristics, such as its ownership structure, trade orientation, investment in fixed capital, and soft budget constraints.
Endogeneity is the potential correlation of right-hand side, variables such as firm ownership structure, trade orientation and SBC, with the error term. When firm ownership structure is used as a right-hand side variable this problem arises because in equilibrium, different owners will determine their optimal ownership share based on various firm characteristics, among which is firm productivity or performance. If left unaccounted for, this results in inconsistent estimates.
Likewise, turning to firms' trade orientation, several papers (including Roberts and Tybout, 1997; Bernard and Jensen, 1999; Aw et al., 2000) show that exporting firms are larger, more productive, pay higher wages and survive longer than firms that do not export.
The literature has proposed two main reasons that can explain the positive correlation between firm productivity and exporting. First, international contacts enable exporters to acquire knowledge and expertise in many areas such as new production methods and product design.
In turn, learning-by exporting results in higher productivity for exporters compared with nonexporters. Second, the positive correlation between productivity and exporting, could simply suggest that only the most productive firms can survive in a highly competitive international environment. Hence, the most efficient firms self-select into the export market. In light of such information, current values of firm level export intensity variable would be endogenous.
Similarly, a firms' decisions to invest in new machinery and equipment depend on past and current levels of output and profit, which in turn are also affected by investment rates.
With respect to soft budget constraints, we do know that soft budget constraints hamper restructuring of firms because of the lack of productivity improvements and the operation of unprofitable production activities (Djankov and Murrell, 2002) . Hence, firms with soft budget constraints are expected to be less efficient than other firms. On the other hand, firms in financial distress are, by definition, not performing well, and fall in the group of firms with soft budget constraints. Hence, the causality between firm efficiency and soft budget constraints is not clear.
We control for endogeneity of different firm characteristics by estimating the stochastic frontier with firm fixed effects. To obtain fixed effects estimates the data was mean-differenced prior to estimation viii . Finally, we employ lagged values of these firm characteristics to avoid any causality issue.
The Estimation Results
As previously discussed, the tests on the appropriate functional form of the production function that best fits the data revealed that the translog specification (equation 7) is preferred.
Therefore, in this section we report empirical results obtained from estimating the translog function only. The model is estimated for each cross-section and also for the panel when fixed effects methods are used. Our estimates use both balanced and unbalanced panels and we report findings for each of three sectors, i.e. manufacturing, agriculture and construction.
*** Tables 6 & 7 approximately here ***
The estimates of the inefficiency function are reported in the second part of Table 6 for the manufacturing sector and in Table 7 for agriculture and construction. In interpreting the results of the inefficiency function one should keep in mind that a negative coefficient reflects reduced firm inefficiency and, hence, increased efficiency. The results reported in Table 6 reveal that ownership structure is generally a significant determinant of firm level inefficiency. For instance, the results show that foreign and managerial ownership increase firm efficiency compared to employee owned firms for the years 1996 and 1998. However, panel estimates show that only foreign ownership increases firm efficiency compared to employee ownership. Furthermore, other ownership forms significantly increase firm inefficiency compared to employee ownership. The finding that foreign ownership increases firm efficiency more than other forms of private ownership is consistent with the findings of Smith et al. (1997 ), De Mello (1997 and Brown et al. (2006) . For reasons related to access to advanced technology, capital and better organization, foreign ownership is expected to have contributed to higher firm efficiency. More surprising, however, is the result that domestic outsider ownership does not produce efficiency gains when compared with employee ownership.
Among other variables, those that are found to have statistically significant effects on firm efficiency are firm size, average labor cost (labor quality), the share of exports in net sales, the share of investment in fixed capital to net sales, and soft budget constraints (SBC).
The results reveal that the number of significant parameters increases when panel, rather than cross sectional data, are used. Among these variables, only the effect of the SBC and average labor cost is robust across all specifications, cross-sections and panel estimations. More specifically, the effect of soft budget constraints is positive and significant, except in 1996.
This result suggests that, as expected, the availability of easy financing is detrimental to firm efficiency. Several other studies have illustrated that SBC erodes firms' incentives for restructuring. For instance, Coricelli and Djankov (2001), and Claessens and Peters (1997), using a similar measure of SBC find that loss-making enterprises received significantly more bank credit than did the other firms. Also Djankov and Murrell (2002) argue that the evidence for several Central and East European economies shows that hardened budget constraints have a beneficial effect on restructuring. In addition, the effect of average labor cost is negative and significant across all specifications, implying that the availability of qualified workers, at firm level, results in higher firm level efficiency. In contrast, the effect of investment in fixed capital is not consistent across cross sections with this producing increases in firm inefficiency for 1997 and 1998. One explanation for this finding is that investment in fixed capital takes away productive resources and it may take time to become fully operational.
Turning to the remaining variables we observe that they are statistically significant only in the panel estimates. For example, firm size significantly affects firm efficiency, in that larger firms are more efficient, and this result remains robust across both balanced and unbalanced panel estimates. This finding is in line with the argument that large firms exploit economies of scale and produce at lower average cost per unit. Furthermore, the share of investment in sales is also found to significantly increase firm efficiency in specifications estimated using both balanced and unbalanced panels, while the share of exports to sale significantly increases efficiency only in the unbalanced panel, suggesting that export oriented firms which face international competition tend to be more efficient.
The results for the agriculture and the construction sectors are reported in Table 7 .
These reveal a picture that contrasts slightly with that obtained for manufacturing concerning the impact of ownership structures and firm characteristics. Focusing on the ownership variables we see that, for the agriculture sector, compared to employee ownership, foreign and managerial ownership significantly increase firm efficiency. But for the construction sector, and again compared to employee owned firms, it is domestic and state ownership that leads to increases in efficiency. With respect to the firm characteristics, for the agriculture sector, investment increases firm efficiency and soft budget constraints are found to harm firm efficiency. In addition, the age of privatization improves efficiency in that firms that have been privatized earlier are more efficient. For the construction sector, firm size, investment and age of privatization increase firm efficiency, while export orientation and average labor cost decrease firm efficiency.
In addition to investigating the different firm and industry characteristics as sources of firm technical efficiency, we also explore the dynamics of firm efficiency utilizing the efficiency scores calculated from the balanced panel. We opt for the use of the balanced panel This variance in results obtained could be due to the fact, explained by Smith (1997) , that the level of efficiency will depend significantly from the functional form and the level of aggregation chosen. More specifically, they stress that the efficiency level will be lower when capital and labor are the only inputs.
Input Elasticities and Returns to Scale
One of the economic distortions of developing economies is the excessive use of inputs in the production process. This phenomenon manifested itself in lower productivity and technical inefficiency. The elimination of such inefficiencies was one of the goals of firm restructuring. Therefore, it would be interesting to know whether, over time, Estonian firms have been operating under decreasing, constant or increasing returns to scale. Input elasticities for the translog production function are calculated as follows: would not be feasible under a market system, it is not surprising in the context of a developing economy, characterized by outdated and labor-intensive technology.
Returns to scale are calculated as the sum of individual elasticities from equation (8) If the value of returns to scale is significantly larger than unity then the firm operates in the increasing returns to scale region, while if it is significantly less than unity then the firm operates in the decreasing returns to scale region.
The results of Table 8 show that the sum of elasticities is usually less than unity except for 1995 and the unbalanced panel for the manufacturing sector, nevertheless, mainly larger than unity for the agriculture and construction sectors. The null hypothesis of constant returns to scale is accepted in all cases. Hence, on average, firms in Estonia operate with the right input mix and are at the right point of their production function.
How then does this evidence reconcile with the efficiency improvements reported in Tables 6 and 7? One explanation is that efficiency gains have been achieved primarily through the decrease in the size of firms. As observed from Table 4 , over time firms have reduced in size as evidenced by the decline in average employment, and have also become more capital intensive as evidenced by the increase in capital and the pattern of capital intensity ratio.
These data show that, during early 1990s, Estonian firms were characterized as quite labor intensive. Over time they have substituted capital for labor, which may have contributed to higher efficiency levels. However, Tables 6 and 7 reveal that firm size positively affects firm efficiency. These findings are not necessarily contradictory as over time firms increase efficiency by becoming more capital intensive with larger firms still being more efficient.
CONCLUSIONS
In this paper we investigate the impact of ownership structure and other firm characteristics, such as, firm size, labor quality, investment in new equipment, trade orientation, soft budget constraints and competition, on firm level technical efficiency.
Accordingly, we use a representative panel of Estonian firms over the period 1993-1999 and apply the stochastic frontier as the appropriate representation of the data. The major benefit of using this method is that the parameters of both firm level efficiency and production function are estimated simultaneously, resulting in efficient estimates. We find important evidence of persistent inefficiencies during the period under study, which are explained by a variety of firm characteristics.
Our findings provide support for the hypothesis that a firm's ownership structure and other firm characteristics are important for a firm's technical efficiency. For instance, firms that are foreign and managerially owned, larger in size, with higher labour quality, that invest in new machinery and equipment and are trade oriented as well as privatized in the early stages of transition, display higher levels of efficiency. Finally, as expected, soft budget constraints are detrimental to firm efficiency.
In addition, the results provide evidence of technology improvements and high mean technical efficiency scores, accompanied with higher labor elasticity and constant returns to scale across all economic sectors. While a production function with high labor elasticity is not surprising in a developing economy context, improvements in technical efficiency when constant returns to scale apply, is surprising. We conjecture that the efficiency improvements have been achieved through reductions in firm size and increases in capital intensity.
Furthermore, the finding that firm efficiency is high is consistent with other studies across the privatization literature, as for instance Brown et al (2006) 
With respect to policy implication our findings suggest that, since foreign ownership produces the highest levels of efficiency, governments should promote foreign direct investment as a source of economic growth. Furthermore, this policy should be accompanied with a hardening of soft budget constraints and promotion of training of employees as important determinants of firm level efficiency. Capital is calculated as the average of fixed assets at the beginning and end of year. Expressed in thousands of kroons. Herfindahl (3 digit)
APPENDIX
Used to capture monopoly power
Constructed at the three digit industry classification. Dominant Ownership Dummy This is a dummy equal to 1 if the share in equity owned by a group for that year is greater than that owned by any other group. The share of expenditure on new machinery and equipment to net sales of the firm. Used to account for investment in new technology. Export/Sales
The share of firm's export to net sales.
Firm Size
The logarithm of firm level employment. d t Time Trend: 1) Included at the production function to account for technical changes in productivity.
2) Also included at the inefficiency function to account for temporal changes in technical inefficiency. d j Industry dummy, constructed on a two-digit level industry classification Note: All data, except average number of employees and ownership shares, has been deflated to 1993 prices before variable construction. Note: ***, ** and * significant at 1%, 5% and 10% respectively. The marginal effect of technical change can be estimated by taking the derivative of equation (9) with respect to time and evaluate it at the geometric mean of respective variables. Note: ***, ** and * significant at 1%, 5% and 10% respectively. 1) The marginal effect of technical change can be estimated by taking the derivative of equation (9) with respect to time and evaluate it at the geometric mean of respective variables. 
H likelihood H likelihood
i Fortunately, as we shall see, in our case most of these issues do not present large problems and we are able to construct measures for five types of ownership in Estonia, including our being able to separate the two main types of insider ownership (employee and manager), which are often lumped together in other studies. ii In fact, direct budgetary subsidies constitute an insignificant part of financing to firms (Schaffer, 1998) . Under these circumstances the other components of soft budget constraints might constitute an important source through which the state and/or other institutions extend support to distressed firms. For instance, the state might postpone the collection of corporate and social security taxes. Alternatively, cheap capital can be obtained as overdue trade credit to suppliers. However, in this respect, Schaffer (1998) argues that, at least in more advanced transition economies, firms have learnt to apply hard budget constraints to each other. A final source of soft budget constraints is easy access on the part of distressed or loss-making firms to bank lending through special relations with banks and/or other financial institutions. In order to properly establish the pervasiveness of this channel of soft budget constraints one needs to combine data from both firms and banks. It is tempting to interpret positive net financing to a loss-making firm as evidence of soft budget constraints. However, this would be the case only if the stated loan has a low economic value to the bank itself. iii We check for inconsistencies using different criteria. For instance, a firm's capital at the beginning and end of each year should be positive; sales should be positive; labour cost in a given year should be positive; average employment per year should be positive and equal or greater than 10; investment in new machines and equipment should be non-negative; and the ownership shares should add up to 100. Furthermore, one of the main weaknesses of the stochastic frontier approach is the presence of outliers, which push the frontier up for all the firms in the sample, causing pronounced firm inefficiency. Therefore, before carrying out the analysis, we perform a series of checks for outliers in the following variables: capital stock, employment, wages and salaries, sales and value added. These consistency checks reveal that eighteen observations belonging to 6 firms are outliers. For these observations employment, capital or sales are more than four times that of the sample average. Consequently, they are dropped from the analysis. iv This measure of soft budget constraint suffers from two pitfalls. First, it might fail to capture firms with genuine soft budget constraints. More specifically, a firm with negative earnings and zero net financing in a given period is still experiencing soft budget constraint if it expects to receive financing in the future. However, this involves unobservables and it will always fail to capture the true degree of soft budget constraint. Second, it might mistakenly classify some firms with soft budget constraints. For example, it could well be the case that young or newly established firms might be loss-making during the first years of their existence until they gain market share and establish relations with financial institutions. In the meantime, they might be receiving outside financing in response to their long-term growth potential. Again, this involves unobservables and as such it is not possible to account for using accounting data. Both these problems generate biases in the real number of firms that experience soft budget constraints, and as such, should be kept in mind in the interpretation of results. v Soft budget constraints result from cheap credit provided in the form of direct government subsidies, tax arrears, trade credits and cheap loans from the financial sector. Yet, the measure constructed in (1) and (2) is based solely on information on funds received from the financial sector. This results from the lack of appropriate data to measure other potential sources of soft budget constraints. Nevertheless, we do not expect all the other channels of soft budget constraints to play a significant role in Estonia. For example, the policies of Estonian governments to run balanced budgets and promote competition have resulted in minimal levels of direct government subsidies, which, according to EBRD (2000) , have been under 1% of GDP for the period 1996 through 2000. Another possible source of the SBC is the availability of overdue trade credit to suppliers and tax arrears. However, the limited evidence shows that Estonian firms enjoy some relief in terms of delayed tax collection. For example, EBRD (2000) stresses that the efficiency of the collection of social security tax at the enterprise level in Estonia was 85.6% in 1998 and 76.2% in 1999. vi A problem is that u it is unobservable, hence its prediction is needed. The best predictor for u it is the conditional expectation of u it given the value of e it =v it -u it (Jondrow, Lovell, Materov and Schmidt, 1982) .
The likelihood ratio test statistic is . It has a distribution where k is the number of parameters assumed to be zero in the null hypothesis. Log likelihoods needed to construct the test statistics are estimated from the Frontier 4.1 program as part of the frontier output (see Coelli, Battese and Rao, 1998) .
